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Abstract 
In China nowadays, some enterprises begin to develop the sustainable supply chain (S-SC) because of the 
strengthening of environment regulations. How to deal with certain multi-criteria decision-making problems 
effectively and efficiently is the key for the development of S-SC. In this paper, the main factors and their 
relationship during the operation of S-SC were analyzed, and combined with the analytic network approach, an 
integrative decision-making model  was proposed to handle different kinds of decision-making problems. The 
decision-making process combined with a simple example was also given to describe the application of the proposed 
model. The conclusions are helpful to guide the construction and operation of S-SC by decision-makers. 
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1. Introduction 
Nowadays, the resource utilization of enterprises is low and the environmental pollution is serious  in 
China. Contradictions between economic development and environmental p rotection are intense and 
complex [1]. Hence, the China’s government make legal requires to enterprises for strengthening their 
environmental management abilities continuously. Faced with increasingly stringent environmental 
regulations, and combined with the transformat ion and upgrading of currently domestic economic 
development, enterprises should improve their environmental management capacity to gain new 
competitive advantages. Sustainable supply chain (S-SC) management is an important way  to achieve the 
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goal. S-SC refers to a system which includes suppliers, manufacturers, sellers, consumers, the 
environment, regulation and cu lture [2]. The aim to implement the S-SC management includes optimal 
allocation of resources, enhancement of enterprises ’ benefits, and more environmental compatibility of 
enterprises’ activities. 
The S-SC system is complicated and continuously growing. To solve the certain  problem during  the 
operation of S-SC, decision-makers should consider a variety of factors. First of all, product is the central 
factor of S-SC. The product has a typical lifecycle includes four stages : introduction, growth, maturity 
and decline. At each stage, the operation of S-SC will be affected to some extent. Secondly, the whole 
operation of S-SC has its own lifecycle which includes purchase, production, market ing, packaging and 
reverse logistics. At each stage, the operation will focus on different performance factors. For example, 
enterprises are more concerned about the cost at the purchase stage, while they pay much more attention 
to the product’s quality at the production stage. Thirdly, the operation of S-SC is also affected by the 
external factors such as  environmental law, environmental policy and culture ethics. Moreover, the 
enterprise’s environment-related activities include reducing pollution, reuse, remanufacturing, recycling, 
waste disposal and the like, and these activities are also affected by the S-SC’s operation lifecycle and the 
external factors. 
Problems occurred during the operation of S-SC are usually mult i-criteria decision-making problems. 
To handle such problems, the analytic network process (ANP) is an  appropriate tool [3]. The decision-
making model based on the ANP has two layers, control layer and network layer, and it doesn’t have the 
strict hierarch ical relation between criteria or elements just like the analytic hierarchy process (AHP) does 
[3]. Therefore, compared with the AHP, the ANP has more extensive application to solve the mult i-
criteria decision-making problems. In this paper, in view of different kinds of decision-making problems 
in the operation of S-SC, combined with nowadays domestic situation, an integrative decision-making 
model based on the ANP for the operation of S-SC is proposed, and the decision-making process 
combined with a simple example is also given to describe the application of the proposed model. 
2. An ANP-Based integrative decision-making model of S-SC 
A strategic decision model of green  supply chain management was put forward by Sarkis firstly [4]. 
The model developed a new field of study in supply chain management and made it  able for people to 
scan the green supply chain management in terms of the strategic decision-making layer. Based on it, Luo 
added a new decision-making factor, the environmental performance [5], into the strategic decision model 
that Sarkis proposed. But if we combine China’s situation nowadays, we will find that the model d idn’t 
take policy orientation, social culture and other factors into consideration. It also ignored the lifecycle of 
products. Therefore, the model which Luo proposed is improved according to the principles of reality, 
independence, comparab ility and flexib ility. The model that we put forward includes six decision-making 
element sets, product’s lifecycle (PL), external factors (EF), operation’s lifecycle  (OL), environment-
friendly practices (EP), performance evaluation (PE) and alternatives of S-SC (AL). The frame of the 
improved integrative decision-making model of S-SC is given as Fig. 1.  
In Fig. 1, the direct ion of the arrow represents the relationship between element sets. For example, the 
unidirectional arrow B indicates the effect that the product’s lifecycle has on performance evaluation. 
And the circular arrow D indicates the interrelationship between each  element in the operation’s lifecycle. 
Compared with the model proposed by Luo, the improved model introduces some external factors of S-
SC’s management, such as environmental law, environmental policy and culture ethics. Moreover, 
because the lifecycle of modern products has become more and more shorter, the element set of product’s 
lifecycle is added into the model. 
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Fig. 1.  The improved integrative decision-making model of S-SC 
3. The decision-making process with simple example 
3.1. Construction of the relationship matrix 
Based on the re lationship between element  sets as shown in Fig.1, the relat ionship matrix is 
established as following: 
PL OL  EF  PE  EP  AL
PL 0 C 0 0 0 0
OL A D 0 0 0 0
EF 0 0 0 0 I 0
PE B E 0 0 0 0
EP 0 F G 0 0 0
AL 0 0 0 H J 0
ª º« »« »« »« »« »« »« »¬ ¼
        (1) 
3.2.  Combination of the initial un-weighted super-matrix 
After establishing the relationship matrix, we need to  calculate each sub-matrix, which is based on the 
AHP-based pairwise comparison matrix. Take the OL as an example. There exist interdependent 
relationship between the five factors, including purchase, production, market ing, reverse logistics and 
packaging. Firstly, four pairwise comparison matrices are obtained by comparing the importance degree 
between one element and the other four. Secondly, by using square root algorithm, the relative weights  of 
elements are calculated. Then, by constructing the remain ing pairwise comparison matrix and take the 
calculated relative weight vector as the column vector, the sub-matrix D is obtained, as shown in Eq .2 
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(PU represents purchase, and PR: production; MA: market ing; RL: reverse logistics; PA: packaging). The 
remain ing nine sub-matrixes are constructed by the same approach. In accordance with Eq.1, the init ial 
un-weighted super-matrix can be obtained. 
PU   PR   MA  RL   PA
0.000 0.271 0.071 0.537 0.096PU
0.408 0.000 0.225 0.063 0.106PR
0.068 0.115 0.000 0.263 0.202MA
0.136 0.552 0.245 0.000 0.596RL
0.388 0.062 0.459 0.137 0.000PA
ª º« »« »« »« »« »« »¬ ¼
      (2) 
3.3.  Calculation of the weighted super-matrix 
By mult iply ing each sub-matrix with the weight of the corresponding element sets, which is obtained 
by the AHP and is shown as Eq. 3, the weighted super-matrix is  established. Because the length of paper 
is limited, the weighted super-matrix and the convergent super-matrix are not listed here. 
 PL       OL       EF       PE       EP      AL
PL 0.000 0.125 0.000 0.000 0.000 0.000
OL 0.400 0.250 0.000 0.000 0.000 0.000
EF 0.000 0.000 0.000 0.000 0.167 0.000
PE 0.600 0.375 0.000 0.000 0.000 0.000
EP 0.000 0.250 1.000 0.000 0
AL
.000 0.000
0.000 0.000 0.000 1.000 0.833 0.000
ª º« »« »« »« »« »« »« »¬ ¼
      (3) 
3.4. Calculation of  the convergent super-matrix 
By multip lying  the weighted super-matrix itself many times until it is convergent, the convergent 
super-matrix is obtained. According to the convergent super-matrix we can get the prior sorted vector of 
each alternative, w = (0.229,0.357,0.414)T. Therefore, the best choice is alternative C. By observing and 
comparing the relative matrices, we can draw many useful conclusions . 
4. Sensitivity analysis 
Following is two simple examples to explain the sensitivity analysis  of the proposed  model. 
Firstly, we observe the influence to the rank of alternatives by the element which is not direct ly linked 
to the alternatives. As to the element “waste disposal”, assuming the relative importance degree of the 
environmental law and the environmental policy fluctuates between 1 and 3, the final sorted vector is 
shown in Table 1. The rank of alternatives has almost no change, the optimal alternative is still C. 
Table 1. Sensitivity analysis to the  rank of alternatives (element: waste disposal) 
Alternatives 
The relative importance degreeφenvironmental law / environmental policy 
1.0 1.5 2.0 2.5 3.0 
A 0.230 0.229 0.229 0.229 0.229 
B 0.358 0.357 0.357 0.356 0.356 
C 0.412 0.413 0.414 0.414 0.415 
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Secondly, we observe the influence to the rank of alternatives by the element which is directly linked 
to the alternatives. As to the element “reduction”, assuming the range of relative importance degree 
between alternative C and  alternative A is from 2.5 to 7, we get the final sorted vector as shown in Table 
2. The final sorted vector changes with a small extent and the optimal alternative is unchanged. It means 
that, based on the element “reduction”, the deviation range from 2.5 to 7 is not sensitive to the solution. 
Table 2.  Sensitivity analysis to the rank of alternatives (element: reduction) 
Alternatives 
The relative importance degree˖Alternative C / Alternative A 
2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0 6.5 7.0 
A 0.244 0.239 0.236 0.233 0.231 0.229 0.228 0.227 0.225 0.223 
B 0.364 0.363 0.361 0.359 0.358 0.357 0.355 0.354 0.353 0.352 
C 0.392 0.398 0.404 0.408 0.411 0.414 0.417 0.419 0.422 0.425 
5. Conclusion 
Today, many Chinese enterprises have paid attention to the sustainable supply chain management, and 
some of them have put it into practice. The S-SC is a complex system, decision-making problems 
occurred in the operation of S-SC are usually involved with many factors. Therefore, decision-makers 
need an effective and powerfu l approach to handle such problems, the analytic network process is a 
suitable choice. By applying the ANP, the experts ’ knowledge and experience are fu lly exerted, and the 
scientific  calculat ion is also guaranteed. In this paper, an integrative decision-making model based on the 
ANP is proposed to solve the certain multi-criteria decision problem during the operation of S-SC. The 
results of the rank of alternatives calculated by ANP provide scientific decision-making support for the 
decision-makers. In addition, proposed sensitivity analysis also provides some necessary reference 
information to guide the operation of S-SC. 
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